Evaluation of a patient's health status is an essential part of the healthcare process. For this purpose, Henderson's model of basic living activities (BLA) is often proposed as a set of criteria to be used in nursing. Despite its clarity and theoretical background, the model is only partially used in clinical practice. In this paper, we present the methodology for a hierarchical multi-attribute decision model to increase the practical efficiency of the BLA model. The result is a computerized model for the evaluation of a patient's health status.
Introduction
Holistic evaluation of a patient's health status is an essential precondition for adequate health care management. As such, it is gaining importance, particularly in light of the growing elderly population and the increasing role of the individual patient in the healthcare process. 1 -3 Here, we propose the use of a hierarchical multi-attribute decision model (HMADM) that can be applied both when analysing a patient's health and when explaining the results of the evaluation. 4 ,5 A theoretical model of basic living activities (BLA) serves as a basis for describing a patient's health status. 6 Despite the holistic nature of this approach, BLA models are not being adequately used in clinical practice. 7, 8 A possible reason for this limited use is the fact that a large number of parameters are used to describe a patient's health status. This means that it is difficult to gather information on all parameters and the process of drawing a conclusion becomes very complex. Furthermore, the complexity grows with repeated gathering of information during consecutive visits or observations. This is a recognized problem when collecting data from a time series. The HMADM methodology O Šušteršič, U Rajkovič, D Dinevski et al. Evaluating patients' health using a decision model helps to address these problems. 7, 9, 10 Increasing the operability of the BLA model can be achieved by understanding the model as a HMADM for evaluating a patient's health. The model, which has been based on BLA, 11, 12 is a comprehensive evaluation tool for the nursing care support process. This part of the patient's record becomes hierarchically structured and gains additional transparency, which facilitates the identification of nursing problems, setting of nursing diagnoses and planning of the appropriate nursing care.
The model presented in this paper facilitates evaluation of the changes in a patient's health status. Improvements in the health status of a patient can also be an indicator of a nurse's successful performance. Evaluation of nursing interventions is reflected in changes in the patient's health status represented by BLA. It is necessary, therefore, to monitor the patient's changes in health status on the basis of the defined indicators at chosen time intervals. In terms of community nursing, where the model was tested, such intervals coincided with health visits. The model offers a helping hand to nurses as it reduces the possibility of overlooking problems that could otherwise lead to unwanted healthcare events.
Hierarchical multi-attribute decision models are primarily developed for option evaluation: each option, in this case a patient, is described by values of basic attributes and is evaluated according to the model. The final outcome is an overall evaluation for each option (patient). Furthermore, an evaluation result of the option makes it possible to investigate the reasons for the obtained result as well as providing an insight into what specific attributes can be used as leverage to improve the outcome. 13 -15 In general, a HMADM is composed of attributes X n and aggregation (utility) functions F n (Fig. 1 ). Attributes, sometimes also referred to as parameters, performance variables and indicators or criteria, are variables for describing options and, in general, represent sub-problems of the decision. In order to reduce the complexity of the decision model with respect to the number of attributes and their interrelations, a hierarchical structure is employed. Attributes assigned to higher levels of the hierarchy depend on lower-level attributes.
In theory, a hierarchy is represented by a directed acyclic graph but, in practice, it is usually simplified to a tree. Based on the position of attributes in the hierarchy, it is possible to distinguish between basic attributes (leaves or terminal nodes) and aggregate attributes (internal nodes, including the roots of the hierarchy). An example of an abstract hierarchical model comprising four basic attributes X 1 -X 4 , and two aggregate attributes, X 5 and X 6 is shown in Fig. 1 . For each aggregate attribute, there is a corresponding aggregation or utility function F 1 and F 2 , respectively, that determines the dependency of that attribute with respect to its immediate predecessors in the hierarchy.
Options a n are represented by values X n (a n ) of the basic attributes (leaves of the tree). Evaluation of the options is performed by aggregation or utility functions, F n , and it is carried out from the bottom to the top of the hierarchy according to its structure. The overall evaluation of an option is finally represented by the value of a root attribute (X 6 in Fig. 1 ).
The majority of current multi-attribute decision methods are aimed at the development of quantitative decision models. 4 In such models, all the attributes are continuous and utility functions are O Šušteršič, U Rajkovič, D Dinevski et al. Evaluating patients' health using a decision model typically defined in terms of the attributes' weight, e.g. as a weighted-sum of lower-level attributes. In practice, however, the difficulty in understanding the underlying data behind the numerical results proves to be a common problem. 4 The relationships between the attributes are linear, although the nature of the attributes often requires non-linear interdependence. In other words, different weights can be assigned to a single attribute depending on its relative importance. In contrast, Decision Expert (DEX) methodology, 16, 17 which is used in our approach, deals with discrete attributes usually represented by words rather than numbers. The corresponding utility functions are represented by decision rules. Each rule represents one point or several equi-utility points of function values. The utility (aggregation) functions used in the DEX model are not, therefore, represented by formulae, such as weighted-sum, but are presented as tables of function values, i.e. decision rules. 18 In this way, a HMADM can be built on non-linear discrete utility functions. It can be compared with the relative weights approach, where the weights depend on parameter values. 4 If a parameter value changes, its relative importance (weight) can also be changed if required. By using the DEX interface, expressing and understanding such utility functions as sets of decision rules becomes fit for practical use.
Patients and methods

MODEL FOR EVALUATION OF PATIENT HEALTH
A HMADM model, based on the BLA model, 6 was developed by an expert team of nurses for the evaluation of patient health and was FIGURE 1: Abstract example of a hierachical multi-attribute decision model (X, attributes; F, functions)
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O Šušteršič, U Rajkovič, D Dinevski et al. Evaluating patients' health using a decision model tested in two health centres in Slovenia. This model uses indicators, which are measurable BLA criteria for describing a patient's health condition, as basic attributes. In the criteria tree, the BLA are hierarchically organized and, therefore, interconnected. Utility functions are presented as tables of decision rules. In accordance with those rules, the values and definitions of the higher criteria are defined by the combination of the values and definitions of the lower criteria, which enter the model as their predecessors. As a result, a comprehensive evaluation of a patient's health is obtained at the top of the criteria tree. The hierarchical structure of a comprehensive evaluation of the BLA is shown in Table 1 , which represents a DEX output in tree form, including criteria descriptions. Each attribute is measured on a five-point scale from 1 ('to a very high degree') to 5 ('no problem') ( 
Evaluating patients' health using a decision model
physical BLA, which relates to the patient's physical condition. The first rule can be read as follows: if a patient has OEBt expressed as a problem 'to a very high degree', the overall patient's evaluation of physical BLA is a problem 'to a very high degree'. The degree of the problem is defined irrespective of the values of NPaS and AdHD. Rule eight can be read as follows: if OEBt is assessed as a problem 'to some degree', NPaS as a problem 'to some degree' or worse and AdHD as being on the boundary between 'to a high degree' and 'to some degree', the overall patient's evaluation of physical BLA is evaluated as 'to a high degree'.
The utility functions (sets of decision rules) must be semantically appropriate, i.e. they must express correct nursing knowledge, so verification and validation play important roles. Two steps were included in the present model to achieve this: in the first, a group of chosen experts agreed on utility functions, taking into account existing knowledge from the literature and their experiences and, in the second, nurses validated the knowledge by using decision rules during their practical work.
MODEL TESTING IN PRACTICE
Testing of the HMADM took place in the community health care environment and involved a total of 17 nurses from Ljubljana Health Centre and Ajdovščina Health Centre. The model was used during the entire treatment with a special emphasis on home visits. There were two main objectives of the testing: (i) to validate the nursing knowledge embedded in the model, especially with regard to the decision rules; and (ii) to test the actual operability of the model in practice, i.e. by testing during home visits.
During practical use of the model, transparent decision rules encouraged nurses to assess critically and to validate the nursing knowledge expressed by the rules. Nurses provided comments regarding the appropriateness of the proposed decision rules and the results of the evaluation of the BLA model. The extent to which the HMADM encouraged assessment of the interdependencies between various criteria was also observed.
Testing of the model was monitored during successive home visits. Each of the 17 nurses used the model to evaluate their patients' health status on regular daily visits over a period of 3 months. Each nurse carried out between five and seven home visits daily, which were of a preventive and curative nature. At each visit, special emphasis was placed on analysing the patient's health with the set of BLA indicators.
Results
Different patient groups were included, ranging from newborns to the elderly for health promotion, prevention and recovery. Amongst them were various health problems, such as nutritional problems, chronic diseases, wound management, etc. An example of a 'comprehensive evaluation of BLA' of a newborn baby (NB) is presented in Table 4 , where evaluations from three successive visits (NB1, NB2 and NB3) are listed. The root of the tree, which represents the final overall evaluation, shows how the baby's health condition or their need for nursing care changed from one visit to another. Considerable improvement of the baby's health can be observed. On the first visit the 'Comprehensive evaluation' was regarded as a problem to a 'very high degree', on the second visit as a problem to a 'high degree' and, on the third visit, just as a problem to 'some degree'. Table 4 breaks down the comprehensive evaluation result and shows that, at the first visit (NB1), there O Šušteršič, U Rajkovič, D Dinevski et al. Evaluating patients' health using a decision model FIGURE 2: Graphical representation of the changes over three visits (NB1, NB2 and NB3) in overall physical basic living activities (BLA) and five sub-attributes of physical BLA for a newborn baby (data selected from that shown in Table 4 ) was a problem to a 'very high degree' for hygiene and education, and a problem to 'some degree' with elimination, sleep, avoidance of danger, RRb and leisure time. A nurse can easily see all existing problems and their actual values (degrees of problem) together with their propagation through the tree of attributes, including interrelationships, up to their influence on the comprehensive evaluation. Such transparency improves understanding of the reasons for changes in the patient's health status and encourages nurses' critical thinking in terms of further actions that they need to take. Changes in health indicators can be also followed graphically and Fig. 2 presents the changes during the three visits in the evaluation of physical BLA overall and its four improved sub-attributes: elimination, physical activity, avoidance of danger and hygiene; the condition remained unchanged for sleep. The nurses themselves could choose the indicators, which were then presented as a time series and this personalization of the data eliminated the need for data analysis. Changes in the values of the indicators from one visit to another could also be viewed as a helpful tool in quality assurance processes.
Nurses who took part in the testing prepared their reports and structured interviews were carried out with each nurse. The reports and interviews served as the basis for a strengths, weaknesses, opportunities and threats (SWOT) analysis. The nurses indentified three main strengths: (i) the model supports holistic understanding necessary for identification of the nature and level of nursing problems; (ii) the computerized hierarchical structure enriches nursing documentation; and (iii) the possibilities of overlooking something important are reduced. Among the weaknesses, they emphasized the increased amount of work that was involved in using the model because of the need for consistently following a methodical work process. Opportunities suggested by the nurses were the development of electronic documentation and the consistent holistic evaluation of a patient's health status in the framework of the nurse's competencies. It could contribute to improved patient safety and also to the safety of members of the health team. For example, some adverse events can be predicted on the basis of their indicators and their values. If an adverse event occurs, we can explain the reasons and help determine personal responsibility. As the main threat, they listed their apprehension about computer-supported models being perceived as replacing nurses' creative thinking and work.
Discussion
The way in which the BLA model has been organized as a hierarchical evaluation model for assessing patient health has been described. It has involved multi-attribute decision-making theory in order to assess a patient's observed condition, with a computer-calculated comprehensive evaluation based on the model. During clinical practice testing of the model, transparency was shown to increase along the whole process and not only, as was initially expected, during the period of assessing patient health. This means that patient data can be followed upward through the tree of criteria to the final estimate and an explanation can be provided of how the estimate was obtained and from where it originated. As such, it contributes to an efficient evaluation and provides a holistic and transparent overview of the patient's condition. The structured approach based on the BLA tree assists nurses in keeping up with a large set of data and their inter-relationships, especially when relatively small changes in some indicators may, in combination with other indicators, result in serious problems for the patient. A better understanding of the outcomes reduces the possibility of overlooking clinically important information. Together with appropriate nursing documentation, this computerized model can contribute to a higher quality of nursing and increased patient safety, as well as increased safety for health team members.
